Based on the grain production data hand collected in Mid-East China, a multinomial Logit model was employed to analyze factors that are critical to farmers' investment decisions in food production. Reasonable explanations are provided to help understand differences between expected farmers' investments in grain production and the actual results. It was found that the cost of machinery and the number of farmers is key factors affecting farmers' willingness to adjust investment. Further research shows that most of the farmers who had the willingness to adjust investment did not implement the adjustments in the short-term. From the micro-adaptability expectation perspective, the time that it takes to adjust the planting area could explain farmers' investment adjustment intention and the behavior. From the macro-investment perspective, short-term output elasticity of physical capital is less than long-term output elasticity. The differences between farmers' willingness to invest and the actual results are therefore generated. These findings suggest that it is necessary to strengthen the application of big data technology in agriculture in order to improve the platforms' efficiency in data releasing and reaching out to farmers to provide more accurate advice regarding investment adjustment.
Introduction
In the process of coordinated development of agriculture in the Mid-East region of China, the level of agricultural collaborative innovation is relatively low. In the aspects of transformation of agricultural technology achievements and sharing of agricultural technology resources, there are still many inter-regional inconsistencies [1] , and the synergistic effect of innovation is not strong. These problems are reflected in farmers' technology choices. It is difficult to match the agricultural technology services with the technical needs of the farmers effectively, which is reflected in the farmers' relatively blind choice and adjustment behavior in grain production investment. Due to the differences in natural resource endowments, economic and social foundations, scale of operations, and farmers' conditions, the farmers' investment adjustment behavior varies significantly [2] [3] [4] .
The Mid-East area of China has a high level of opening-up and a more developed economy. Compared with other industries, agricultural output value accounts for a small proportion in this area, and the land resources are insufficient to meet the needs of the population [5] . Under the background of the development of urban agriculture, the grain planting area in this region is decreasing year by year. Due to the relatively low income from farming, a large number of young people find non-agricultural jobs in cities, which would cause a lack of labor force in agriculture in the future [6] . Therefore, it is significant to expand scale of the planting area, improving income from grain production in this area.
In the farmers' investment adjustment behavior, technology choice is an essential factor. Technologies play an increasingly important role in grain production [7] [8] [9] . Undoubtedly, to improve the contribution rate of technologies, it is not enough to only strengthen the research and development capabilities of scientific personnel, but more importantly, the adoption of agricultural technologies by farmers is the main factor affecting the adjustment of grain-growing investment [9] . In this paper, we define the grain-growing investment as the production costs and land costs measured in monetary terms. The production costs include material, service, and labor costs. From the perspective of this research, the farmers' willingness to adjust grain-growing investment is affected by various factors. Meanwhile, there are significant differences between the willingness and actual behavior, and the reasons for the differences are key issues that are discussed in this paper.
A variety of research methods were used in previous research to study farmers' investment adjustment behavior from different perspectives. For example, Factor Analysis [3, 7] , Multinomial Logit Model [8, 10, 11] , Deterministic Discrete Event Model [9] , Mixed Logit Model with Flexible Mixing Distribution [12] , Tobit Model [13, 14] , Probit Model [15] [16] [17] , and Structural Equation Modeling [18, 19] .
It is widely accepted that farmers' investment adjustment behavior is affected by many factors, but different literature has different opinions on key influencing factors that affect farmers' investment behavior. Adimassu et al. [20] have found that farmers' investments are limited by their capabilities. Okello et al. [21] have revealed that economic benefits, such as higher yields and income, can affect farmers' investment in seed selection. Also, the cropped area, scale of the farmland, and agricultural income significantly influence farmers' willingness to invest [10] . The government's support and favorable policies can positively promote the agriculture investment of farmers [22, 23] . Adimassu et al. [2] finds that farmers' investment behavior is affected by five major factors: households' resource endowments, knowledge, and experience of farming, access to information, social capital, and availability of family labor.
Moreover, some economic studies focus on specific factors that affect investment choice, such as state subsidies [24] , the impact of agricultural cooperatives [25] , risk preferences [26, 27] , the mode of communal land acquisition [28] , government policies [29] , and the presence of a price floor [13] . Besides, Ullah and Anad [30] examine the factors that influence the level of agricultural mechanization: economic condition of farmers, the land tenure system, scale of farmland, cost of fuel, and the cost of renting agricultural machinery. Konrad et al. [15] have found that the scale of farm operations, environmental concerns, and innovation readiness are important for farmers' technology investments.
Factors such as the effect of planting structure adjustment and the output elasticity of capital can affect the investment adjustment behavior of farmers, and have been investigated by some studies. Ji et al. [31] have found that the shortage of a labor force can be supplemented by increasing capital input. In addition, other reasons may also lead to investment adjustment behavior such as attitudes toward capital input [4] , the amount of agricultural income [32] , expected financial benefits from capital input [33] , and differences in adjustment capabilities [34] .
Many studies have investigated farmers' willingness to adjust investment and their actual behavior based on both the theoretical and the empirical studies; however, further exploration is needed due to the following reasons. Firstly, current literature mainly studies the factors influencing farmers' willingness to adjust investment from the perspectives of government and the market [12, 35] , and mainly uses macroeconomic statistics. To the best of our knowledge, no prior work has explored Chinese farmers' investment choice behavior, especially in the Mid-East area of China, from the perspective of farm household characteristics and their attitudes. Secondly, the differences between the farmers' willingness and behavior are probably caused by certain constraints, such as investment capabilities and the substitution effect of input factors [36, 37] . However, current literature rarely investigates the association between capital and labor input that can influence investment adjustment behavior.
This paper contributes to the current literature in the following two aspects. Firstly, this paper employs the Multinomial Logit Model to analyze the odds of increasing/decreasing investment, and comparing the odds of keeping investments unchanged using three types of variables: capital input, labor input and attitudes, and characteristics of farm households. Based on the survey data, this paper investigates the factors influencing farmers' willingness to adjust investment in the Mid-East area of China. Secondly, this paper explores the reasons for the differences between the farmers' willingness and behavior from two perspectives: adaptive expectations at the micro-level and substitution effect between labor and capital input at the macro level. The conclusions of this paper have strong implications for the formulation of policies related to agricultural technology services in the Mid-East region of China.
Methodology

Analysis Framework
Farmers' grain production investment can be divided into capital input and labor input. The former includes not only variable costs in the process of grain production (such as purchasing seeds, fertilizers, pesticides, rental of agricultural machinery, and land contractual management right), but also fixed assets (such as investment in agricultural machinery and transportation vehicles) [38, 39] . The latter includes farmers' labor input, workers, technical services, and information services [37] . There are many factors affecting farmers' willingness to adjust grain production investment, including economic, policy, and natural factors. The farmers' willingness and actual behavior can be directly affected by economic factors [21] , and indirectly affected by other factors. Therefore, this paper focuses on the economic factors, including capital and labor input, attitudes, and the characteristics of farm households.
The main question to be answered is whether the farmers who had the willingness to adjust investment had actual adjustment behavior during the study period. The adjustment of the investment structure in grain production is categorized into four kinds:
(1) Had the willingness and have increased their investment;
(2) Had the willingness and have decreased their investment;
(3) Had the willingness but have not adjusted their investment; and (4) Did not have the willingness and have not adjusted their investment.
In theory, there are both micro and macro reasons for the differences between willingness and actual behavior (see Figure 1 ). At the micro-level, the adjustment of grain production investment needs not only willingness but ability [40] . At the macro level, the capital and labor market of the whole region is relatively stable, so it takes time to increase grain output through capital input, and the short-term output elasticity is relatively low [41] . 
Model Selection
In this paper, we employ three types of models: Multinomial Logistic Model, Adaptive Expectations Model, and Output Elasticity of Capital and Labor, and analyze the factors influencing willingness to invest, and the reasons for differences between willingness and actual behavior.
Multinomial Logistic Model
The Multinomial Logit Model is used when the dependent variable has multiple unordered nominal categories [10] . Farmers' willingness to invest in grain production is divided into three categories: the increase in investment, remaining constant, and the decrease in investment. These dependent variables are categorical rather than ordinal, and they conform to the assumption of Independence of Irrelevant Alternatives (IIA), and any two types of results that are independent of each other. Therefore, following Amemiya [42] , we establish the Multinomial Logistic Model. The farmers' willingness to adjust their investment is essentially a problem of maximizing their utility. Suppose a farmer (i) chooses option j because its utility is higher than all the other alternatives. The probability that the farmer i chooses the option j is:
In Formula (1), the explanatory variable x i only changes with the individual variable (farmer i), not with option j.
We can use Option 1 as the reference option and its coefficient β i = 0, then the probability of farmer i choosing option j is:
The willingness to invest in grain production is divided into three types, which can be explained by the odds ratio. The ratio of the odds of "m" to the odds of "n" can be computed as:
The logarithm of the function:
Adaptive Expectations Model
The Adaptive Expectations Model was proposed by Nerlove [43] to examine the impact of policy changes on the sown area and grain output. It is assumed that the farmers adjusted the sown area according to the expected price of factor inputs. Following Cheng et al. [44] , to investigate the farmers' ability to adjust investment, the Adaptive Expectations Model is established.
where G t is the expected sown area, P e t is the expected input price, a and b are coefficients, and µ t is the stochastic disturbance term, subject to the distribution N 0, σ 2 . Since the expected price is difficult to measure, the expected price needs to be processed as follows:
where P t − P e t−1 is the predicted deviation of the price of the last period, and ε is the error-adjustment. The closer the error-adjustment approaches zero, the more accurate the prediction is. Substituting (6) into (5):
where G t and G t−1 represent the sown area of the current period and the one-period lag respectively, and P t−1 is the input price of the one-period lag. Let γ = 1 − λ 1 , γ is the adjustment coefficient, which indicates the ability of farmers to adjust the sown area according to various factors such as the market price of factor inputs and the situation of land circulation. To make the residuals of the model stochastic, we take the logarithm of the variables, and the sown area adjustment model is specified as the following:
Output Elasticity of Capital and Labor
The yield of three types of major crops per Mu (in kilograms) is taken as the output; The quantity of the labor force per Mu (the number of persons per day) is taken as the labor input; The average material and service cost per Mu (in Yuan) is taken as the capital input.
Compared with other production function models, Cobb-Douglas function has more advantages in calculating the output elasticity of labor and capital, so we use the Cobb-Douglas production function, "Y = AK α L β " where "Y" is the output, "K" is the capital input, "L" is the labor input, "A" is the total factor productivity, and "α" and "β" are the output elasticity of capital and labor, respectively. Following Ito and Ni [45] , the logarithm of the function can be written as: lnY = lnA + αlnK + βlnL.
Assuming that the returns to scale are constant (α + β = 1) and technological progress can be ignored in the short term, the function can be written as follows:
The marginal productivity of the two factors based on the output elasticity of labor and capital can be calculated as the following:
where α is the output elasticity of capital, Y is the grain output, and K is the capital input.
where 1 − α is the output elasticity of labor, Y is the grain output, and L is the labor input.
Farmers' Willingness to Invest in Grain Production
This section may be divided by subheadings. It should provide a concise and precise description of the experimental results, their interpretation, as well as the experimental conclusions that can be drawn.
Data, Variables and Descriptive Statistics
In modern China, many institutes and researchers strive to find ways to implement a rural revitalization strategy and promote the integration of urban and rural development. The coordinated development of agriculture in the Mid-East region has become an important issue in China. To investigate the current situation of urban farmers' investment behavior in grain production, 60 villages in the area were investigated by the authors from July to August 2018. The survey used a combination of typical investigations, random sampling, cluster sampling, and interviews. We conducted questionnaires, face-to-face interviews, and the survey was based on farm households. The survey mainly included basic characteristics of farm households, variable costs of grain production, characteristics of operations, income from grain production, and farmers' attitudes towards grain production. We surveyed 672 farm households, and 609 valid questionnaires were received. The effective rate was 90.5%.
In this paper, the farmers' willingness to invest in grain production is the explained variable. Explanatory variables are divided into three types: capital input, labor input and attitudes, and characteristics of farm households. Capital input reflects the willingness to invest from different aspects, including seed (seed), fertilizer (ferti), pesticide (pestc), irrigation (irrga), and machinery (mech) costs. The differences in labor input and attitudes have different effects on the willingness to adjust investment, including the number of farmers (farm), days of seasonal workers hired (emplo), attitudes toward scale of land (satti), attitudes toward land transfer (tatti), and attitudes toward using fertilizers (fatti). The characteristics of farm households were then divided into seven aspects: scale of agricultural land (scale), sown area (area), change in sown area (achan), proportion of agricultural income (arati), proportion of grain production income (grati), level of education (educ), and distance from farmland to home (dist). The description of variables and their descriptive statistics are shown in Table 1 . The farmers' food production behavior questionnaire is shown in Appendix A. Table 1 shows that the mean of the willingness to invest in grain production is 0.787. As for capital input, the average expenditure for seeds, fertilizers, pesticides, irrigation, and machinery was 108.6 Yuan, 140.3 Yuan, 109.5 Yuan, 91.8 Yuan, and 126.2 Yuan, respectively, while the standard deviation reflects relatively large dispersion between individuals. As to labor input and attitudes, the mean household size and the number of farmers per household is 3.8 and 1.6, respectively; the percentage of farmers in a household is less than 50%. During the busy seasons, the number of days seasonal workers were hired was 2.136 days. When it comes to the attitudes toward grain growing, more than half of the farm households tend to expand the scale of land. Besides, most farmers decided on the use of fertilizers on their own.
Concerning the characteristics of farm households, the average scale of agricultural land and sown area was 5.8 Mu and 5.0 mu, respectively. The skewness coefficients of these two variables are the largest, showing a right-skewed distribution. This indicates that the existence of a small number of farmers with large-scale farmland results in the distribution having a long right tail. At the same time, their kurtosis coefficients are also the largest, indicating that the distribution has many outliers. The proportion of agricultural income and the proportion of grain production income was 49.8% and 56.6%, respectively. The change in sown area was 2.3, indicating that the overall grain planting area had a decreasing trend. The average age of farmers is concentrated in the middle age of 45-55 years.
Regression Results and Discussion of the Multinomial Logit Model
Based on the influencing factors, the Multinomial Logit Model is employed as follows:
where ln( P im P in ) is the log-odds ratio; capit i is the capital input, consists of five variables: seed, ferti, pestc, irrga, mech; labor i is the labor input and attitudes, consists of five variables: farm, emplo, satti, tatti, and fatti; f amer i is the characteristics of farm households, consists of seven variables: scale, area, achan, arati, grati, educ, and dist.
We used Stata15.0 software to run the regression. Through the Multinomial Logit Model, we conducted an empirical test to investigate the willingness to invest in grain production in the specified region. Additionally, we set the group of remaining unchanged as the Control Group, analyze the odds of increasing/decreasing investment, and compared to the odds of keeping investment unchanged. The regression results are shown in Table 2 . Note: β is the coefficient; S.E. is the standard deviation; exp(β) is the odds ratio. ***, **, and * indicate p < 0.01, p < 0.05, and p < 0.1, respectively.
Factors Affecting Capital Input
Among the various factors affecting capital input, the quality of seeds affected grain productivity to a large extent. For the farmers in this region, using self-retained seeds is uncommon, and most of the seed expenditures are cash expenditures. Also, timely irrigation is another important factor that improves productivity. Therefore, the high cost of high-quality seeds and irrigation means active investment behavior of farmers in grain production.
Furthermore, fertilizers have a significant effect on increasing the yield in small-scale farming. Under the existing scale of land, only increasing the yield on a per-area basis can achieve higher profits, and increasing the yield by increasing the application of fertilizers is more suitable for smallholder farmers [46] . In contrast, pesticides are more appropriate for large-scale operations. Those who operate large-scale farmland have sufficient funds, larger planting areas, and serious pest problems so they will increase the use of pesticides [47] . What is more, the large farmland with high mechanization levels brings higher income for large-scale farms. The high machinery costs mean that the mechanization adoption rate is relatively high, and the investment behavior of farmers in grain production is more active. Table 2 shows that the farmers are willing to increase their investment in pesticides, irrigation, and machinery. The sign and magnitude of the coefficients indicate the possibility that the farmers choose to increase investment. The coefficient of machinery costs in the model is 0.0353, which represents that for every unit of increase in machinery costs, the probability of farmers choosing to expand investment increase by 3.53%. Concerning the impact of fertilizer costs, it is not significant, and the possible reason is the lack of government incentives and constraints on grain production has led to technological backwardness in the use of fertilizers [48] . Farmers are over-reliant on fertilizers, and over-fertilization has led to the deterioration of soil, environmental pollution, and a decline in the quality of agricultural products. Hence, reducing the use of fertilizers and promoting directive fertilization has become increasingly popular in recent years.
Factors Affecting Labor Input and Attitudes
The amount of labor input is inseparable from the scale of farmland. Farm households with small-scale land mainly rely on their own labor force, rarely hiring workers. Their level of mechanization is relatively low. However, for farm households with medium and large-scale farmland, their families' labor force is not able to meet the demand for farming, and the cost of workers will increase substantially. Also, Lu et al. [49] indicate that the expansion of the scale of operation leads to economies of scale. The farmers with large-scale land will invest in machinery, improving the degree of mechanization. Therefore, large scales of land lead to less labor input per Mu, and more capital input in grain production.
In the comparison between a decrease in investment and remaining constant, the number of farmers per household significantly affects the farmers' willingness to invest at a significance level of 5%. The odds are 4.89 times higher than farmers who choose to increase investment compared to remaining constant. On the one hand, it shows that an abundant labor force has a significant substitution effect on capital input during busy seasons [31, 37] . This also indicates that it is common for rural citizens who are in households with extra laborers, to become part-time farmers and find off-farm employment [50] . Due to the comparatively low benefits of farming, non-agricultural work becomes more attractive for farm households, so their attitudes toward increasing investment in grain production will be negative. As for the number of workers, it has little influence on the willingness of farmers to adjust their investment. The possible reason is that the labor input in grain production is decreasing year by year as the labor costs are accelerating, and the proportion of labor input in grain production has reduced significantly in recent years [51] .
The willingness to transfer land has also had a significant impact on the investment behavior of farmers. The odds for increasing investment are approximately 34.4% lower than the odds for remaining constant. The proportion of non-agricultural income in the household's income is a critical factor that affects farmers' willingness to participate in land transfer. The strong willingness to transfer land typically indicates the small proportion of agricultural income, so farmers tend to reduce the scale of operation. As for farmers' attitudes towards the scale of land, it had no significant impact on the willingness to adjust investment. A possible reason is that the scale of different farmland and the grain yield per Mu show an inverted U-shaped relationship. Specifically, the land that is below the optimal scale will not be able to produce grain efficiently, even if there is a large amount of capital input [49] . Besides farmers' attitudes toward the use of fertilizers, pesticides significantly affect investment behavior. With positive attitudes towards the use of fertilizers, the odds of increasing investment are about 2.58 times higher than the odds of remaining constant.
It is worth noting that the coefficients of labor input and attitudes are generally larger than that of capital input, which indicates that the marginal utility of labor input is significantly greater than that of capital input.
Factors Affecting Characteristics of Farm Households
For most farm households, a high agricultural income means more reliance on agricultural technologies [52] . The higher the proportion of agricultural income in a household's income means that grain production is important for the farm's household. Therefore, farmers have more incentive to invest in grain production.
Compared with the group of remaining unchanged, the sown area and the proportion of grain production income have a significant impact on the increase in investment at the significance level of 5%, and the proportion of agricultural income positively impacts the investment at the significance level of 10%. This shows that with the expansion of the scale of agricultural land and the increase in agricultural income, the hypothesis of rational economic man is gradually becoming obvious. Farmers focus more on the optimal allocation of production factors in order to maximize the overall benefit. At the same time, in the comparison between a decrease in investment and remaining constant; the proportion of agricultural income has a significant impact on investment decisions. The coefficient is −0.0112; that is, for every unit increase in the proportion of agricultural income, the probability of farmers choosing to reduce investment is reduced by 1.12%, indicating that the higher proportion of agricultural income typically means the smaller proportion of part-time farmers and non-agricultural employment, and the farmers are less likely to reduce investment in grain production. Under the condition that other variables remain unchanged, the education factor also affects farmers' investment decisions. The probability of choosing increasing investment is 1.19 times than that of choosing to remain unchanged. This is because the farmers with a high level of education have strong abilities to use new technologies, and they prefer to increase investment in grain production.
Differences between Farmers' Willingness and Behavior
Analysis Based on the Perspective of Adjustment Capability
Description of Differences
We investigate whether the farmers' willingness to adjust grain-growing investment had been implemented in January 2019 through telephone surveys. Among the 378 farm households who had the willingness to adjust the investment in grain production six months ago, only 107 households had adjusted, accounting for 27.2%. The remaining 271 households had not changed their original investment scale. Among the farmers who had adjusted the investment, 78 households had increased the scale of investment, while 29 households had reduced the investment.
Reasons for the Differences
Only a few farmers who had the willingness to adjust the grain production investment had adjusted the scale of investment, and most farmers' actual behavior deviated from their willingness. The reasons were as follows.
Firstly, in this region, the characteristics of urban agriculture are obvious. The land transfer rate is low, and the effect of land transfer on grain productivity gradually declines. The scale of production is small, which limits the effectiveness of large-scale agricultural machinery. Therefore, in the short-term, the adjustment of the investment structure is hard to implement [49, 53] . Secondly, agricultural technologies, such as improved seeds and water-saving irrigation, play an increasingly important role in the transition from traditional agriculture to modern agriculture [54] .
Significant differences exist in the supply and demand of agricultural technologies and farmers' technology choice behavior, and it takes time for first-time users to learn to apply new techniques into practice [55] . Thus, only having the willingness is not enough. Farmers also need the ability and time to adjust investment structures.
The reasons for the inconsistencies between the willingness and the actual behavior need to be further quantitatively analyzed. The Adaptive Expectations Model for investment adjustment can be formulated as follows:
F = 33.627, R 2 = 0.867, where the values in parentheses are the t-statistics of the parameter estimates. The value of γ is 0.641 obtained by 1 − λ 1 , and its reciprocal is the time required to adjust the planting area, which is 1.56 years. This means that it takes more than a year and a half to prepare for an adjustment in investment structure and planting area. The effects of lagged adjustment reveal the reasons for the inconsistencies between the willingness and the actual behavior, and explain why most of the farmers willing to adjust investment had not implemented the adjustments in the short term.
Analysis Based on the Perspective of Substitution Effect
Substitution Effect between Labor and Capital Input
With an increase in the opportunity cost of farming, a large number of young and middle-aged laborers in rural areas find non-agricultural jobs in cities [6] , so replacing the labor input with machinery input becomes an advisable option in modern agriculture. According to the China Agricultural Products Cost-Benefit Compilation of Information, the number of days workers were hired per Mu in grain production decreased from 9.59 days in 2005 to 5.04 days in 2017; the labor input has decreased overall by 47.4%. At the same time, the machinery input has increased from 37.73 Yuan in 2005 to 145.72 Yuan in 2017; the fertilizer input has also increased by 55.2%. [41] indicates that the methods of grain production in China have been changed. The labor force used in grain production has dropped significantly, and it has been replaced by agricultural machinery to a large extent. The inputs of machinery, fertilizers, and pesticides have increased remarkably.
Lu and Xie [51] have revealed that economies of scale could be achieved through land transfer, and marginal costs of inputs such as labor and fertilizers can be reduced. Therefore, the traditional labor-intensive grain production mode is gradually transforming. A large amount of labor input in grain production is shifting toward capital input. Table 3 shows the Pearson correlations between labor input and machinery/fertilizer input in grain production in China from 2000 to 2017. The information collected from the survey shows that in the answers to "your attitude towards the adoption of new technologies", the proportion of farmers who chose "adopt new technologies after knowing the effectiveness" accounted for 41.6%, much higher than that of farmers who chose "immediately adopt new technologies" and "adopt new technologies after other people have adopted". As for the answers to "the main purpose of adopting new technologies"; "reducing labor input" accounted for 33.7%, second only to "increasing yield".
In the process of grain production, the reasons for decreasing labor input are as follows.
With the rising opportunity cost of being engaged in agriculture, a large number of young adults in rural areas find non-agricultural jobs in cities, and the structure of the rural labor force shifts from surplus to a structural shortage [6, 51] . The loss of laborers has led to extensive farming and even abandoned farmland. Therefore, to reduce labor input, it is a realistic choice to replace the labor input by increasing the level of mechanization. The statistical results of the questionnaires show that in response to the "methods of grain production", the "increased level of mechanization" accounted for 52.3%, which is significantly higher than the other three responses, "more extensive", "more intensive" and "no change".
Changing Trends in Labor and Return on Capital
To further clarify the substitution effect between labor and capital, the issue is discussed from the aspects of output elasticity of labor/capital and marginal productivity. According to China Agricultural Products Cost-Benefit Compilation of Information, there are two turning points (1990 and 2006, respectively) that the number of workers hired in grain production changed significantly. Therefore, the output elasticity of labor and capital for japonica rice, wheat, and corn are calculated for three periods: 1978-1990, 1991-2006, and 2007-2017 . Table 4 reports elasticity and marginal productivity of labor and capital (1978-2017). Table 4 shows that the marginal productivity of labor of the three kinds of crops has increased gradually; the output elasticity of labor has also increased. It is noticeable that from 2007 to 2017, the marginal productivities of labor for the three kinds of crops have increased significantly. To be specific, the figure for japonica rice, wheat, and corn has increased by 2.18, 9.08, and 2.38 times, respectively, reflecting that the labor-intensive production pattern is changing in China. Besides, the marginal productivity and output elasticity of capital show a gradual decline during the period of 1979 to 2017. The marginal productivities of capital for japonica rice, wheat, and corn have decreased by 10.6%, 15.1%, and 23.2%, respectively, from 2007 to 2017. The reduction of marginal productivity of capital for the three crops is far less than the increase in the marginal productivity of labor. Therefore, under the constraints of relatively scarce production factors and land fragmentation, the decline in return on capital and investment has become an inevitable trend.
Reasons for the Differences between Farmers' Willingness and the Actual Behavior
The cost-benefit data for Mid-East China region has no longer been presented in the statistical yearbook since 2008. Hence, we calculate the output elasticity of capital of the three kinds of crops, in the short term, based on the statistical data from 2006 to 2007. Using Equation (6) , the calculation results are shown in Table 5 . It can be seen from Tables 4 and 5 that the short-term output elasticity of capital for wheat in Mid-East China during 2006-2007 is 0.483, 0.556, and 0.478, respectively, slightly higher than the average value in China. However, they are lower than the long-term output elasticity of capital during 1991-2006 and 2007-2017 (0.931 and 0.768 respectively), which suggests that it takes time to improve wheat yield through capital input, such as improving soil fertility and agricultural infrastructure. The long-term output elasticity of capital for wheat is greater than the short-term output elasticity, which indicates that the capital input has a positive impact on wheat productivity in the long term.
Similarly, the output elasticity of capital for rice and corn reflects that the short-term output elasticity of capital is less than the long-term output elasticity, which explains why most of the farmers who had the willingness to adjust investment had not implemented the adjustments in the short term at the macro-level.
Conclusions and Implications
This paper first constructs a Multinomial Logit Model based on a survey of 609 farmers and analyzes the influencing factors of farmers' willingness to adjust their grain production and investment. Also, this paper further investigates the reasons for the differences between farmers' willingness and the actual behavior from the perspective of adaptive expectations at the micro-level and substitution effect between labor and capital input at the macro-level. The main conclusions of this paper are as follows.
First, factors such as irrigation costs, machinery costs, number of farmers, willingness to transfer land, the scale of operation, and proportion of grain income have significant influences on farmers' willingness to adjust investment. Among the variables of capital input and labor input & attitudes, the most significant factors that affect the farmers' willingness are the cost of machinery and number of farmers, respectively. Second, most of the farmers who had the willingness to adjust investment did not implement the adjustments in the short term, because their willingness is affected by adjustment capabilities and the time required to implement the adjustment. Third, at the micro-level, the time required to adjust the planting area is the main reason for the differences between the farmers' willingness and actual behavior. The actual adjustment always lags behind their willingness. Fourth, at the macro-level, the main reason for the differences is that the short-term output elasticity of capital is less than the long-term output elasticity, so it needs a process to improve the grain output by increasing capital input.
Based on these conclusions, this paper has the following implications: Firstly, it is important to improve the cost control mechanism for variable factors in grain production. In the current era, the cost of labor is rising, the cost of grain production is high, and the increase in grain prices is far behind the price increases. Hence, it is necessary to control the variable costs of grain production and improve the dynamic adjustment mechanism for agricultural product prices and grain prices. It can solve the problem of price scissors in the field of grain and narrow the gap between the prices of agricultural raw materials and grain prices.
Secondly, it is important to decrease the constraints such as infrastructure and platform resources that affect the scale of operation. It is advisable to expand the scale of operations and improve the agricultural infrastructure to combat the problem that the proportion of grain output and income in the Mid-East region of China is declining. Moreover, driven by the agricultural supply-side structural reform in China, the government should strive to improve the agricultural information and cooperation platforms to promote the modernization of the agriculture industry.
Thirdly, local governments should strengthen technical research with big data in agriculture and scientifically guide market expectations. It is essential to improve the agricultural data collection and analysis systems, track market changes in real-time, forecast grain supply and demand, and explore innovative farming methods. Besides, local governments can use big data and cloud computing to provide more accurate advice regarding agricultural production and promote the development of intelligent agriculture. 
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Appendix A Farmers' Food Production Behavior Questionnaire
If you know, the comprehensive direct subsidy of agricultural materials per mu in your family was ____ Yuan in 2017, an increase of ____ Yuan over the previous year.
Did the subsidy you received exceed the increase in the price of agricultural materials? A. Yes 
